The benefit of neoadjuvant chemotherapy for patients with signet-ring cell carcinoma of the stomach is controversial.
selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licen ses/by-nc/4.0/ Manuscript source: Unsolicited manuscript INTRODUCTION Gastric cancer is the fifth most frequently diagnosed cancer and the third leading cause of cancer-related deaths worldwide [1] . Despite a decrease in the overall incidence of gastric cancer in recent decades, the incidence of the patient subgroup with signet-ring cell carcinoma (SRCC) is growing [2, 3] . According to the World Health Organization classification, SRCC is a histological type where more than 50% of the tumor contains extracellular mucinous pools. Studies have suggested that the biological behavior of SRCC is essentially different from that of other cancers with other cell types [4, 5] . SRCC is associated with a worse prognosis in advanced stages [6] [7] [8] . Therefore, a multimodal treatment strategy, including neoadjuvant chemotherapy (NAC), needs to be developed and established to improve patient outcomes. Theoretically, the administration of chemotherapy before surgical resection can address micrometastatic lesions and down-stage the disease.
Some studies have investigated the benefit of NAC in gastric SRCC. However, the results are inconsistent. Earlier research showed that NAC was associated with better outcomes, though the response to NAC was relatively weak in gastric SRCC [9] . Conversely, other studies suggested that NAC provided no survival benefit in patients with gastric SRCC [10, 11] . Moreover, some studies found that NAC is an independent predictor of poor survival because of its toxicity [12] . Therefore, we conducted a single-center, large-scale retrospective study to determine if there are benefits of NAC for treating gastric SRCC.
MATERIALS AND METHODS

Patients and stage
A total of 144 patients [staged using the clinical Tumor, Node, and Metastasis (cTNM) staging system] with cT3/4 stage SRCC (cN any) were identified from a database containing all gastric cancer diagnosed at the National Cancer Center of China between January 2010 and December 2017. Of the 144 SRCC patients, 36 had undergone NAC (NAC group), and 108 were surgery-first (surgery-first group). The decision for NAC had been discussed in a multidisciplinary treatment board and was made at the treating physician's discretion.
Pre-therapeutic staging was performed for all patients using intravenous contrastenhanced computed tomography (CT), which was repeated after the end of NAC. This study was approved by the institutional review board, which waived the requirement for informed consent due to the retrospective nature of this research.
Neoadjuvant chemotherapy and evaluation of clinical response and toxicity
The median number of NAC courses was four (2.25-4.75), and eleven (30.6%), nine (25.0%), seven (19.4%), four (11.1%), and five (13.9%) for the treated patients who received the SOX, DOS, Xelox, Folfox6, and DOX regimens, respectively. Toxicity and adverse events of NAC were evaluated according to the World Health Organization (WHO) standard criteria. Response to chemotherapy was evaluated by gastroscopy or radiographic examination of the stomach or a CT scan. Post-treatment evaluation of the target lesions was divided into four categories: Complete remission, partial remission, stable disease, and progressive disease according to the Response Evaluation Criteria in Solid Tumors (RECIST, version 1.1).
Surgery and postoperative outcome
Patients in the NAC group underwent radical gastrectomy after the completion of NAC (3-4 wk). All patients underwent gastrectomy with standard D2 lymphadenectomy. Specific surgical gastrectomy procedures, including subtotal and total gastrectomy, were selected depending on the location of the primary tumor. The resection margins were intraoperatively examined in frozen sections. Reconstruction of the gastrointestinal passage was performed according to the type of gastrectomy. Intra-and post-operative complications and corresponding outcomes were documented.
Histopathology
The WHO definition of SRCC was based on a resected specimen or the initial biopsy in cases where there was a complete histopathological response. The WHO defined SRCC by the content of signet ring cell-type cells greater than 50% ( Figure 1 ). Histological staging of all tumors was based on the 8th edition of the International Union Against Cancer TNM classification system. The tumor size and presence of lymphovascular or neural invasion were evaluated. A tumor regression grade from 1 to 5 was used as described by Mandard et al [13] . R0 resection was defined as radical resection with tumor-free margins, while R1 and R2 resections were defined as resections with microscopically positive and macroscopically positive resection margins, respectively. Patients who were found to have metastatic disease at the time of surgery but underwent resection were graded with R2 resection.
Follow-up
Overall survival (OS) was calculated from the start of any treatment occurring since diagnosis to the point of death (for any reason), or the most recent follow-up. Data on surviving patients without relapses were censored at the last follow-up.
Statistical analysis
Categorical variables were compared using the χ 2 test or Fisher's exact test, while continuous variables were compared using Student's t-test or the Mann-Whitney U test. We analyzed and compared the NAC and surgery-first groups before and after 1:1 matching on the basis of estimated propensity scores for each patient. The propensity scores were calculated using a logistic regression model to balance the following covariates: Age, sex, comorbidities, tumor location, American Society of Anesthesiology score, and cN stage. Kaplan-Meier survival analysis was conducted for determination of OS and generation of survival curves. Differences in survival curves were analyzed using the log rank test. A Cox proportional hazard model was used to adjust for confounding factors affecting OS. A P value < 0.05 was considered statistically significant. All data analyses were performed using SPSS (IBM Corp. Table 1 shows the clinicopathological characteristics of patients in the NAC and surgery-first groups. Age and tumor location significantly differed between the two groups. On the basis of 1:1 propensity score matching (PSM), 72 patients (36 in the NAC group and 36 in the surgery-first group) were selected for analysis. After PSM, age, sex, body mass index, American Society of Anesthesiologists score, tumor location, cT stage, cN stage, cTNM stage, and comorbidities showed no significant differences between the two groups.
RESULTS
Patients' characteristics
Response and toxicity analysis for neoadjuvant chemotherapy
In this study, 18 (50.0%) patients exhibited partial remission while 18 (50.0%) exhibited stable disease; no patient exhibited progressive disease according to contrast-enhanced CT before and after NAC. After surgery, pathologic tumor regression grades of 1 (n = 3), 2 (n = 4), 3 (n = 4), 4 (n = 3), and 5 (n = 22) were observed ( Table 2 ). Eight (22.2%) of the thirty-six treated patients experienced at least grade 3-4 toxicity during NAC treatment ( Table 3 ). The most common grade 3-4 toxicities were leukopenia/neutropenia (16.7%), nausea and vomiting (8.3%), and thrombocytopenia (2.8%).
Operative characteristics and postoperative course
The incidences of postoperative complications in the NAC and surgery-first groups were 8.3% and 13% (P = 0.563), respectively. After PSM, these incidences were 8.3% and 16.7% (P = 0.478), respectively. R0 resection was performed for 88.9% patients in the NAC group and 88.9% for patients in the surgery-first group (P = 1.000). After PSM, the rate of R0 resection was comparable between the two groups. Type of surgery, operation time, blood loss, and blood transfusion were similar between the two groups before and after PSM. The ratio of patients who received postoperative adjuvant chemotherapy was similar between the groups before and after PSM ( Table  4 ).
Pathological findings
Following PSM, (y)pT categories after NAC were significantly less advanced than those after initial gastrectomy in the overall cohort; this finding was not observed for the (y)pN stage (Table 4 ).
Long-term outcomes
The median follow-up was 46.4 mo and comparable between the NAC and surgeryfirst groups. The 5-year OS rates in the NAC and surgery-first groups were 50.0% and 65.0% (P = 0.235), respectively, before PSM and 50% and 64.7% (P = 0.192), respectively, after PSM (Figure 2 ). Univariate and multivariate analyses conducted before PSM revealed that lymphovascular invasion [hazard ratio (HR) = 2.210; 95%CI: 1.168-4.184; P = 0.015) and tumor size (≥ 5 cm; HR = 2.154; 95%CI: 1.129-4.109; P = 0.020) were associated with OS. Multivariate analysis after PSM revealed that tumor size (≥ 5 cm) was a significant predictor of OS (HR = 3.804; 95%CI: 1.471-10.027; P = 0.006). However, NAC was not an independent prognostic factor both before and after PSM (Table 5 ).
DISCUSSION
The incidence of gastric SRCC is increasing, especially among young patients. It is still unclear whether NAC contributes to improved survival of patients with gastric SRCC. To our knowledge, there have been only three reports on this subject, and the results of those studies are inconsistent [9] [10] [11] . Our study revealed that the 5-year cumulative survival rates were comparable between the NAC and surgery-first groups before and after PSM, with the findings suggesting that upfront surgery may be a reasonable treatment option for patients with locally advanced gastric SRCC. The FRench Eso-GAstric Tumors working group published the results of a retrospective national French survey study, including 924 locally advanced gastric SRCC patients from 1997 to 2010. In this cohort, 18.5% of the patients received NAC. The study found that NAC provided no survival benefit in patients with gastric SRCC and similar rates of R0 tumor resection between the NAC and surgery-first groups. Moreover, no significant differences were observed in (y)pT category, (y)pN category, mean number of dissected lymph nodes, mean number of invaded lymph nodes, and pathological Tumor-Node-Metastasis (pTNM) stage [10] . In other words, NAC did not result in any tumor downsizing. However, Heger et al [9] reported that NAC was associated with significantly increased rates of complete resection (76.0% in the NAC group vs 60.7% in the surgery-first group; P = 0.010), improved (y)pT category, improved (y)pN category, and significantly less explorations or palliative resections, and was an independent predictor of improved survival for patients with gastric SRCC [9] . In our study, we detected significantly less advanced (y)pT for patients after NAC despite comparable pretreatment stages between the two groups after PSM. However, NAC did not improve the R0 resection rate or result in lymph node downstaging. Furthermore, the 5-year cumulative survival rates were comparable between the NAC and surgery-first groups both before and after PSM. Ronellenfitsch et al [14] conducted a meta-analysis to identify predictors of postoperative survival following NAC for gastric cancer and found the (y)pT stage lost significance as an independent predictor of postoperative survival, while only (y)pN stage and resection status after NAC remained independent prognostic predictors. In our study, we observed downstaging of the T stage, but not the N stage, which may explain why there was no survival benefit from NAC for gastric SRCC.
Many studies have demonstrated that SRCC had different infiltrative and metastatic mechanisms, and SRCC is relatively insensitive to chemotherapy [15] . Roncati et al [16] also demonstrated that SRCC has a great capacity of diffusion through the gastric wall and extended neo-lymph angiogenesis and is not accompanied by an effective immunological response. However, there is no real understanding of the chemoresistance mechanisms of SRCC. It is reported that SRCC lacks free ribosomes but is rich in lysosomes and mucus, which impedes anticancer drugs [17] . Therefore, there is a pressing need to explore SRCC biology to understand the chemoresistance mechanisms involved. Although there is no standardized NAC, regimens based on oxaliplatin, docetaxel, or 5-fluorouracil and their modifications are the most common options for gastric cancer. In our study, SOX, Xelox, DOX, and DOS regimens were used. Additionally, it is reported that toxicity is associated with higher rates of non-R0 resection, increased postoperative mortality, and reduced long-term survival [12] . In our study, toxicity remained acceptable, and NAC did not increase postoperative mortality.
The classification of gastric cancer is complicated due to the coexistence of different histological features in the same tumor [18] . Lauren's classification and the WHO system are the most widely used. The WHO defined true SRCC by the content of signet ring cell-type cells greater than 50%. The concordance of the pre-therapeutic biopsy and the final histopathological results in SRCC after resection should be considered. The high agreement is reported with an accuracy of 92.5% in a retrospective analysis with particular emphasis on SRCC [19] , whereas the experienced group from Cologne reported an agreement in 74% of biopsies and resected specimens in untreated patients [18] . As initial diagnostic biopsies prove to be reliable in making an SRCC diagnosis, they may also be relied upon to define the therapeutic strategy.
Nevertheless, there are several limitations to the current study. First, as a retrospective analysis, this study is subject to possible selection bias, even though we used PSM to reduce bias, which was intended to mimic randomized controlled trials. Second, regimens and the indications for NAC were not standardized; therefore, the effects of different NAC regimens were not analyzed. Third, the median follow-up period was as short as 46.4 mo. Thus, there is a possibility that, in some cases, death could still have occurred and missed during the short follow-up period.
This study suggests that NAC does not provide a survival advantage for gastric SRCC, and upfront surgery should be the primary therapy for resectable gastric SRCC. Future studies that better stratify the SRCC components are warranted. 
